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ABSTRACT 
In this study, maize waste and soy bean residue were vermicomposted as a way of harnessing bio products from agro 
waste in a bid to promote sustainability and proper waste management to bio fertilizers. Maize and soy bean residues 
were vermicomposted in a 9m by 1m vermicomposting bed over a period of 30 days using Eisenia Fetida earthworms at 
standard conditions. The physicochemical parameters of the organic waste including the organic loading (OC), nitrogen, 
phosphorous and potassium (NPK) content as well as trace elements such as calcium (Ca), magnesium (Mg) and sodium 
(Na) were determined using standard methods. The behavior of the earthworms in terms of mass and length was also 
quantified. Upon increase in the vermicomposting period, the OC increased by 38%, NPK composition by 50%, 50% and 
35% respectively. The Ca, Mg and Na composition by 10%, 23% and 30% respectively. The earthworms mass and length 
increased by 60% and 20% respectively. From the results obtained, vermicomposting offers a sustainable opportunity for 
crop waste management to bio fertilizers. 
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1. INTRODUCTION   
Vermicomposting is a bio conversion process whereby earthworms feed on organic waste to produce 
vermicompost (Aira et al., 2002). Vermicompost can be derived from any organic waste and can be use as a 
bio fertilizer or as a foliar spray in agricultural and horticulture crops (Davari et al., 2012). Agro waste is an 
attractive raw material for use in vermicomposting (Suthar, 2008) and this type of waste is generated in huge 
amounts in Southern Africa since it is agro based with maize and soy bean being one of the major crops. In 
this study, soy bean and maize were vermicomposted as a way of managing agro waste as well as creating 
vermicompost which can be used as an alternative type of fertilizer. The impact of the vermicompost period 
on the vermicompost physicochemical properties has well as the earthworms’ behaviour was quantified. 
 
 
 
 
2. MATERIALS AND METHODS 
2.1 Materials 
Maize waste and soy bean residue where obtained from Empire Farm in Shamva, Zimbabwe. Eisenia Fetida 
earthworms with an average weight of 3.5±0.02 g and length of 7.5±0.05 cm were obtained from the local 
fisherman and used in this study. A vermicomposting bed with dimensions of 9m length and 1m width was 
used for this study. 
 
2.2 Methods 
2.2.1 Vermicomposting process preparation 
The maize waste and soy bean residue where mixed in the ratio 1:1 and were allowed to partially decompose 
naturally for 2 weeks before adding Eisenia Fetida earthworms at a rate of 100 earthworms/m2 of organic 
waste added. After 2 weeks the earthworms were added to initiate the vermicomposting process which was 
allowed to take place for 30 days. After 30 days, the ripe vermicompost was harvested at analysed for 
nitrogen, phosphorous and potassium content and the trace elements composition. The vermicomposting 
process temperature was maintained at 25±2 °C and atmospheric conditions. 
 
2.2.2 Physicochemical properties analyses 
The physicochemical properties were determined for both the feed stock and the vermicompost. Three 
samples were taken for data analysis. The total organic carbon (OC), total nitrogen (TN), available 
phosphorous (P), exchangeable (K), calcium (Ca), magnesium (Mg) and sodium (Na) were measured in parts 
per million (ppm). The temperature (°C), moisture (%), pH and electrical conductivity (EC) (mS/cm) were 
also determined. The physicochemical parameters were determined for both the feedstock (maize and soy 
bean residue) and the vermicompost obtained. Temperature measurements were taken using a thermometer, 
moisture content was determined using an AND moisture analyser by heating a 5g sample at 105 °C. The ph 
and EC were determined using a Hanna digital instrument. The TN was determined by the Kjeldahl method 
in accordance to APHA (2005) whilst P and K were determined by calorimetric and the flame photometric 
methods respectively. The Ca, Mg and Na were determined using an AA 7000 Shimadzu atomic absorption 
spectrophotometer. The organic carbon content was determined using the Walkey-Black method (Walkey 
and Black, 1934). 
 
2.2.3 Earthworm growth and performance 
A sample of 15 earthworms was used to determine the growth of the earthworms in terms of weight and 
length. The earthworm performance is also an indication of the vermicomposting process. The earthworm 
mass was determined using a lab scale balance and the length was determined using a standard ruler. 
 
3. RESULTS AND DISCUSSION 
3.1 Vermicompost characteristics 
The vermicompost obtained was odourless, dark in colour and with particle sizes less than or equal to 4 mm. 
The vermicompost had a density of 0.88-0.89 g/cm3 and electrical conductivity of 2.34-3.41 mS/cm. The 
final vermicompost product had a moisture content ranging between 52.5-53.5% and a bit of sun drying is 
recommended before application of the vermicompost in the fields. The substrate pH changed from 6.1-6.3 to 
6.6-7.4 and this was attributed to the secretion of NH4+ ions during the vermicomposting process which have 
a tendency of neutralizing the H+ ions (Haimi and Huhta, 1987). The characteristics of the vermicompost are 
given in Table 1.  
 
Table 1: Physicochemical characteristics of maize and soy bean feedstock and vermicompost 
Parameter Feedstock Vermicompost 
Organic carbon, OC (%) 8.39-8.68 5.21-5.25 
Total nitrogen, TN (ppm) 2638.2-3125.7 4454.8-5331.7 
Total phosphorous, P (ppm) 419.4-423.5 796.3-838.1 
Total potassium, K (ppm) 1365.9-1587.2 1915.8-2384.7 
Sodium, Na (ppm) 319.5-322.8 457.8-463.2 
Calcium, Ca (ppm) 1676.9-1722.8 1897.9-1904.6 
Magnesium, Mg (ppm)  398.9-423.8 543.7-546.8 
pH 6.1-6.3 6.6-7.4 
Moisture content (%) 50.5-60.5 52.5-53.5 
 
3.2 Effect of vermicomposting period 
3.2.1 Effect on organic carbon 
The amount of organic carbon decreased by about 38% as the vermicomposting period increased during the 
30 days (Figure 1). The decrease in organic matter is attributed to the loss of carbon dioxide during the 
earthworms’ microbial respiration as well as the mineralization of the agro waste, which effectively increases 
the total nitrogen in the vermicompost (Cabrera et al., 2005). 
 
 
Figure 1: Effect of vermicomposting period on organic carbon composition 
 
3.2.2 Effect on total nitrogen composition 
Nitrogen is essential as a building block in plants as well as for chlorophyll formation. As the 
vermicomposting period increases, the nitrogen composition in the vermicompost also increased by almost 
50% (Figure 2). This was attributed to the mineralisation of the agro waste which contains proteins as well as 
the conversion of ammonium nitrogen to nitrate (Pattnaik and Reddy, 2009).  
 
 
 
  
Figure 2: Effect of vermicomposting period on total nitrogen composition 
 
3.2.3 Effect on available phosphate composition 
The amount of total phosphate increased with increase in the vermicomposting period by about 50% (Figure 
3). The increase in the phosphorous content is attributed to the phosphorization of the organic waste during 
vermicomposting (Manna et al., 2003). During vermicomposting earthworms convert the insoluble 
phosphorous to a soluble form with the aid of phosphatases, an enzyme present in the earthworm gut 
(Padmavathiamma, 2008). 
 
  
 
Figure 3: Effect of vermicomposting period on available phosphorous composition 
3.2.4 Effect on soluble potassium composition 
The soluble potassium composition increased with increase in the vermicomposting period by about 35% 
(Figure 4). The increase is attributed to the physical decomposition of the organic waste due to earthworm 
activity converting the insoluble potassium to the soluble potassium (Kaviraj and Sharma, 2003).  
 
  
Figure 4: Effect of vermicomposting period on soluble potassium composition 
 
3.3 Effect on trace elements composition 
The trace elements composition increased with increase in the vermicomposting period. The calcium content 
increased by almost 10% (Figure 5), the magnesium composition by almost 23% (Figure 6) and the sodium 
composition by 30% (Figure 7). Similar trends in the vermicompost trace elements increase were reported by 
Pattnaik and Reddy (2010). The high calcium content is attributed to the catalytic activity of the earthworms 
on carbonic anyhydrase present in the calciferous glands of the earthworms.  
 
 
 
 
Figure 5: Effect of vermicomposting period on organic waste sodium composition 
 
 
Figure 6: Effect of vermicomposting period on organic waste calcium composition 
 
 
Figure 7: Effect of vermicomposting period magnesium composition 
 
3.4 Growth of earthworms and their reproduction 
The Eisenia Fetida earthworms increased in number, body length and mass during the vermicomposting of 
maize waste and soy bean residue (Figures 8-9). This attributed to the fact that the agro waste provided a 
source of food for the earth worms during vermicomposting. The moisture content in this study (50-70%) 
was ideal for earthworm growth and reproduction as was attributed by Liang et al. (2003). The average 
length of the earthworms increased by 20% (Figure 9) during the vermicomposting period whilst the average 
mass of the earthworms increased by 60% during the 30 day vermicomposting process (Figure 8). 
 
 
 
Figure 8: Effect of vermicomposting period on earthworms’ mass variation 
 
 
Figure 9: Effect of vermicomposting period on earthworms’ length variation 
 
4. CONCLUSION  
The vermicomposting technology can be used for managing agro waste through conversion into bio 
fertilizers, a means of promoting a circular economy in agriculture. The vermicompost produced from maize 
and soybean residue was rich in nitrogen, phosphorous and potassium content and can be applied as a bio 
fertilizer. The vermicomposting earthworms grow and reproduce during the process allowing them to be used 
as inoculants for further processes. 
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